Aquaponics is a promising technique which enables continuous pesticide-free food production in arid regions. Substantial research has been done with respect to aquaponics technologies and production. However, the demand side of the market has not been investigated in much detail yet. This exploratory study analysed the Nairobian market for aquaponically produced foods. Interviews provided data to get some first insights into the market prices and customers' perception of aquaponically produced food products. Results showed that the majority of the interviewees claim to be willing to pay more for aquaponically produced food products.
Introduction
In the wake of climate change, innovative agricultural approaches to food security, particularly in countries facing water scarcity and chronic drought, are required. In this respect, the concept of aquaponics has been determined as a farming key technology that can aid in addressing sustainable development goals, particularly for arid regions (Conijn et al. 2018) . Aquaponics can be seen as an integrated multi-trophic food production system that combines elements of recirculating aquaculture (RAS) and hydroponics. In aquaponic systems, water from the fish tanks, which is enriched in nutrients, is used for plant growth. Increased sustainability of such aquaponics systems are achieved by re-using RAS-derived nutrient and waste (Goddek et al. 2015) .
One of the most significant current discussions in the field of aquaponics is the economic viability of such systems (Bosma et al. 2017; Stadler et al. 2017; Vermeulen and Kamstra 2013) . However, given current improvements in performance, based on the development of multi-loop aquaponics systems, it is most likely that such systems will be able to compete, if not excel state-of-the-art hydroponics systems (Goddek et al. 2016; Goddek and Keesman 2018) . While aquaponics is a promising technique, market research in regards to products from aquaponics farms received scant attention in the research literature. The research to date has rather tended to focus on the supply side than on the demand side of the Western market (Love et al. 2014 (Love et al. , 2015 . In addition to Love et al. (2014 Love et al. ( , 2015 , Miličić et al. (2017) also investigated the demand side of aquaponics, by looking into the consumers' perception and knowledge of aquaponics by consumers, concluding that no more than 17% of the respondents were willing to pay more for aquaponically produced food products. However, most research on the economic viability of aquaponics has been carried out in developed markets.
To address this research gap, the primary objective of this exploratory study was to gain insight into the demand side of the East-African market for aquaponically produced food products in Nairobi, Kenya. Furthermore, we aimed to determine the local customers' perception of aquaponically produced food products.
Methodology
This exploratory research employed an interview methodology to investigate the supply prices and customers' perception. A semi-structured interview was used, where the interview could be completed within 10 min. The interview consisted of two parts: (1) perception of the aquaponics concept and (2) the current market prices of vegetables. With respect to the perception questions, the concept of aquaponics, on a seven-point Likert scale (Likert 1932) from strongly disagree to strongly agree, was used. The stated willingness-to-pay was measured by a direct question. Both the willingness-to-pay and the attributes about aquaponics were rated after aquaponics was defined. The definition of aquaponics from the research of Miličić et al. (2017) was used: Ba combination of aquaculture (fish farming) and hydroponics (growing plants using water rather than soil). In aquaponics, the waste produced by farmed fish supplies the nutrients for plants grown hydroponically, which in turn purifies water for the fish. This secures a closed-loop sustainable food production system. Very few pesticides and herbicides are non-toxic for fish so this ensures that aquaponics production uses organic pest and weed control.^Thereby, the following sentence was added: BSo, aquaponic products are sustainable, local and organic products.T he sample was obtained by convenience and snowball sampling, the only criteria was that the hotel/restaurant/retailer is located in Nairobi. The interviews and observations took place in October and November 2017. The sample size for the research about perception and supply consisted of 14 restaurants/hotels/retailers. These data were obtained by visiting restaurants, hotels and retailers, and interviewing the personnel. The supply prices of the organic vegetables were obtained by contacting organic farmers who supply to restaurants, hotels and retailers. The supply prices of the conventional vegetables were obtained by interviewing personnel of retailers, hotels and restaurants.
Statistical analysis
Simple statistical analysis was used to process the data. The data showed outliers. Therefore, in this exploratory study it was decided that the best method to analyse the data was comparing medians, to minimise the impact of the outliers. Statistical significance was analysed using the Kolmogorov-Smirnov test. A p value < 0.05 was considered significant. Data management was performed in a Microsoft Excel 2017 environment. Statistical analyses were carried out using SPSS version 21. Table 1 gives an overview of the prices that the restaurants, hotels and retailers pay to their suppliers. A distinction is made between products, which are sold as organic and products that are sold as conventional produce. The price differences between conventional and organic products are highlighted in the last column. The exchange rate of 8 December 2017 (i.e. 1 Euro = 121 KSh) is used to calculate the prices in Euro. The data in the table show that organic products are not necessarily sold for higher prices. Even though we did not observe any significant differences in selling prices between organic and conventional vegetables, the low p value of 0.07 for soft lettuce and eggplant, respectively, indicates that the trend goes in the direction of higher supply prices for organic produce.
Results
In addition, interviewees were asked to explain what aquaponics is. None of them were familiar with the concept. Four characteristics of aquaponically produced food products were shown and rated on a seven point Likert scale (from strongly disagree to strongly agree). The results are shown in Table 2 . In the final part of the survey, the interviewees were asked to give their willingness to pay for aquaponically-produced food products in comparison to conventional products. None of the interviewees claimed to be willing to pay less for aquaponically produced food products. Figure 1 presents an overview of the willingness to pay. Regarding the willingness-to-pay objective, after the concept of aquaponics was explained, 70% of the respondents claimed to be willing to pay more for aquaponically produced food products in comparison to conventionally produced food products. Of the interviewees willing to pay more, most were willing to pay between 10% and 25% more.
The quality and seasonality of the products was a recurrent theme during the interviews. For example, an often-mentioned product with quality issues was asparagus. One restaurant owner stated that the asparagus offered on the Kenyan market is excessively thin and therefore asparagus is generally imported. Local cherry tomatoes were also mentioned several times as being of inferior quality. In terms of seasonality, the quality of most products is considered low, which is especially the case for potatoes during the rainy season. Three months after the rainy season, the climate is the driest, which typically leads to much higher domestic supply prices.
Not all the products, which are sold as organic, have an organic certification. In the interviews, negative comments about organic certifications were made. In particular, two interviewed Borganic^farms indicated that they stopped using this certification, due to a lack of trust in the certification procedure. Another branch manager of a vegetable store mentioned that it is currently hard to distinguish between conventional and organic products, which is the main reason why they do not sell organic products at all. The manager proposed individual packaging of organic products to ensure that conventional products are not mixed with organic products. Table 2 Customers' (n = 14) ratings on four fixed characteristics, rated on a seven-point Likert scale
Factor
Mean ± SD Naturalness 6.3 ± 1.1 Healthiness 6.5 ± 1.0 Freshness 6.5 ± 1.0 Free of contamination 6.4 ± 1.0 Fig. 1 Willingness-to-pay (WTP) for aquaponically produced food products
Discussion
The main objective of this research was to get insight into market prices for aquaponically produced food products. It turned out that in Nairobi, Kenya, there are generally no significant differences in market prices between organic branded and nonorganic branded vegetables. An interesting finding of this exploratory study was that there is a lack of high-quality vegetables on the market. Currently, vegetables show spots and some are even spoiled. Interviews with two major retailers stressed the need for high-quality vegetables and that the current diversity of vegetables is limited. Another interviewee stated that the quality of some vegetables on the market is very low, so that e.g. asparagus and artichokes have to be imported. This is most likely because poor production methods are used, pesticides are overused, as well as bad weather conditions (Lenné and Ward 2010) . In addition, poor logistics and non-cooled storage may lead to long transport times and deterioration of the products during transport and storage (van der Lans et al. 2012) . With respect to the bad quality of the supplied vegetables, it has to be noted that most of the greenhouse horticulture industry in Kenya focuses on growing flowers for the export market (Rikken 2011; Veselinovic 2015) .
Our observations with respect to willingness-to-pay are not in accordance with to the study of Zugravu et al. (2016) , who showed that Romanian customers have a negative image regarding the health of fish produced in farms. The current study shows that the interviewees in Nairobi did not have any negative remark about fish produced in aquaponic farms. However, almost all interviewees mentioned that the best fish come from Lake Victoria and not from fish farms. We assume that this is most likely due to off-flavour resulting from suboptimal production procedures, as a result of inappropriate pre-harvest fish treatment (DeLong et al. 2009; Goddek 2017; Schrader et al. 2013) Aquaponics, on the other hand, enables a constant, continuous production throughout the whole year, as the crops and fish grow in a more controlled environment. Therefore, aquaponics provides a potential option to grow perennial high-quality fruits and vegetables as well as fish products. Also, the customers' perception with respect to organic food and using pesticides appeared to be contradictory in Kenya. Even though some interviewees stressed the importance of having access to organic products, they also considered pesticides necessary to produce organic vegetables. This view on food production might be due to a lack of knowledge of the minority of the interviewees, especially since others were especially aware of the excessive use of pesticides and fungicides.
Perceived costs and benefits are major determinants of consumers' acceptance of innovations from food technology and the technology itself (Ronteltap et al. 2007) . Therefore, it is recommended to do further research in the consumers' and customers' perception by investigating the perceived costs and benefits of aquaponically produced foods. Also, it is recommended to use indirect surveys to measure the willingness-to-pay for aquaponically produced food products since this may give more valid estimates (Breidert et al. 2006) . The market prices in the Results section of this exploratory study are based on 14 interviews; the data of the overview showed substantial variation. Future research with a larger sample can give a more valid estimation for the prices of the whole Nairobian market. The current study was restricted to customers' rather than consumers' (end-customer) perceptions, further work is needed to get understanding of the consumers' perceptions and acceptance of aquaponically produced foods in Kenya. During the field visits, it became clear that the supply chain is very pluriform and it was observed that prices for a certain product can have a substantial difference amongst different suppliers. Further studies need to be done to get an understanding of the supply chain and the pricing mechanisms at each step of the supply chain.
Conclusions
& Restaurants, hotels and retailers do not pay clearly higher prices for products that claimed to be produced organically in comparison to conventionally produced vegetables. & Interviewees generally agree that production in aquaponics is natural, fresh, healthy and free of pesticides. & The market potential for aquaponics products exists according to the increased consumer's willingness to pay for it. & Aquaponics could provide a solution to bypass seasonal production issues due to climatic conditions in Kenya.
